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A comparison of the effect of conventional and filter 
vacuum cleaners on airborne house dust mite allergen 
J. M. HEGARTY*, S. ROUHBAKHSH, J. A. WARNER AND J. 0. WARNER 
Child Health, University of Southampton, Southampton General Hospital, Southampton, U.K. 
The efficiency (dust collection and recirculation) of a conventional upright vacuum cleaner with a prototype 
vacuum bag (I) with pore size of 0.1 pm was compared with a standard vacuum cleaner bag (II), in the homes 
of 11 atopic asthmatic subjects with a known allergy to house dust mite. FOUT filter vacuum cleaners were 
assessed in pairs - the Vax 2000 with the Vorwerk VK121 ET340 (in 10 homes), and the Nilfisk GS90 ‘Allergy 
Vat’ with the Bosch maxima 43 (in nine homes). All of the selected homes were vacuumed throughout (carpets 
and soft furnishings) for a 15 min period with each of the cleaners, and air was sampled simultaneously at 
21 mini (Casella personal sampler). The weight of dust retrieved was recorded, and a sample of sieved dust 
(2 g) and the air filters were extracted to determine the concentrations of the major allergen, DerpI, by ELISA 
(ALK). No significant difference was observed in either total weight of dust, or airborne and dust 
concentrations of DerpI between using the conventional cleaner with vacuum bags I, or vacuum bags II. The 
Vax and the Vorwerk filter vacuum cleaners produced no measurable airborne Der pI concentrations during 
use in any of the 10 homes tested, whilst the Nilfisk produced airborne DerpI in two, and the Bosch in one 
of the nine homes tested. The Vorwerk retrieved significantly more dust from the floors than the Vax 
(P<O.O02). There was no significant difference in dust retrieval between the Nilfisk and the Bosch. All of the 
filter vacuum cleaners investigated produced lower concentrations of airborne DerpI, compared to the 
conventional cleaner with or without a special dust bag. However, the amount of dust and concentration/ 
amount of DerpI that these cleaners actually retrieved, varied and the Vorwerk appeared most effective 
overall. 
Introduction 
One-half to three-quarters of all atopic asthmatic 
individuals are allergic to the house dust mite 
(HDM). In the U.K. (1,2), Dermatophagoides 
pteronyssinus is the predominant species and its 
major allergen DerpI, which is a digestive enzyme 
from the mite gut, is contained in faecal particles 
which range between 1&40pm in size (3). The most 
important sites of HDM colonization in the home are 
bedding, mattresses, carpets and upholstered furnish- 
ings (4). In OTdeT to reduce allergen exposure, 
patients are often advised to vacuum mite reservoirs, 
but, this sometimes exacerbates symptoms, probably 
because the process of beating and vacuuming dis- 
turbs the surface dust itself, thus creating airborne 
particles. 
This has led to the production of cleaners which 
have air filtration systems, double thickness dust bags 
and other modifications to improve efficiency of dust 
removal, and reduce the reintroduction of allergen 
into the air. The implication from advertisements for 
these products is that they are beneficial to asthmatic 
and HDM allergic patients. However, very little, if 
any, objective evaluation has been conducted to 
support such claims (5,6). 
We have investigated the efficiency of four such 
modified, ‘high efficiency’ vacuum cleaners in dust 
collection, allergen removal from sources and emis- 
sion of airborne allergen, and also, a popular (in the 
U.K.) upright vacuum cleaner used with a specially- 
produced dust bag, with a pore size of 0.1 ,um, 
instead of the manufacturer’s recommended dust 
bags. 
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STUDY DESIGN 
Southampton General Hospital, Tremona Road, Southampton The study was performed in three stages: (1) A 
SO16 6YD, U.K. ‘conventional upright’ Vacuum cleaner, Panasonic 
0954-611 l/95/040279+06 $08.00/O 0 1995 W. B. Saunders Company Ltd 
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MC-E42N, was assessed using prototype bag (I) 
made from a special fabric (pore size c. 0.1 pm) 
intended to reduce dust escaping from the bag (W. L. 
Gore and Associates, Woking), and the standard 
vacuum bags supplied with the machine (II). (2) Two 
‘Filter cleaners’ were compared, the Vax 2000 (cylin- 
der) and the Vorwerk VK121 ET340 (upright), to 
determine the effect of the ‘beat/sweep’ action of an 
upright cleaner, compared with the vacuum-alone 
action of a cylinder cleaner. (3) Two ‘cylinder filter 
cleaners’ were compared, the Bosch maxima 43 and 
the Nilfisk GS90 ‘Allergy Vat’, to determine whether 
different cylinder cleaners vary in efficiency. 
The vacuum cleaners varied in price with the 
Panasonic MC-E42N being the cheapest, followed by 
Vax 2000, Bosch maxima 43, Nilfisk GS90 ‘Allergy 
Vat’, with the most expensive being the Vorwerk 
VK121 ET340. 
The Vax 2000 was used with the manufacturer’s 
standard disposable paper dust bags (single thick- 
ness). It was not used as a wet cleaner, which the 
manufacturer recommends for allergy sufferers in 
conjunction with a liquid acaracide called ‘Actamite’, 
as we have found that most people use it as a dry 
cleaner. The Vorwerk, Bosch and Nilfisk machines 
were used with their standard disposable dust bags 
(double thickness). All of the cleaners had additional 
filter systems around the dust bag andlor the exhaust 
or motor. The Vax had a washable filter above the 
dust bag and a further filter under the motor, giving 
filtration down to 3 pm. The Vorwerk had a hygienic 
filter over the dust bag which retains particles 
2 3 pm, and an outer filter cloth. The Bosch (quatro 
hygiene filter system) had a sanitiseda, anti-bacterial, 
filtering, dust bag container; a foam motor filter and 
electrostatically-charged exhaust filters, resulting in a 
claimed 99.95% filtration efficiency. The Nil&k had a 
high efficiency particulate air (HEPA) filter over the 
exhaust which filters particles down to 0&0.9pm, 
and is claimed to remove 99.97% of harmful 
allergens. 
All of the cleaners tested were new, and new dust 
bags were used for every home. The two cleaners 
assessed in each of the three phases of the study, were 
used in random order in the houses tested. 
The Panasonic I and II cleaners were tested in 11 
occupied homes of atopic individuals around the 
Southampton area, the Vorwerk and Vax 2000 in 
10 homes and the Nilfisk and Bosch cleaners in nine 
of these homes. Two families moved house during 
the course of the study and therefore were not 
eligible for all the cleaners. Vacuum cleaner assess- 
ments were conducted at least- 1 month apart, and 
the families continued with their normal cleaning 
routine using their own vacuum cleaners between 
assessments. 
AIR AND DUST SAMPLING 
The vacuum cleaners were used according to the 
manufacturer’s instructions, and the vacuum bags 
supplied were weighed before use. All of the 
selected homes were vacuumed throughout, includ- 
ing the carpets (living room, hall, kitchen, stairs, 
bedrooms and bathroom) and soft furnishings 
(three piece suites, chairs and curtains, but not 
mattresses) for a 15 min period with each of the 
cleaners, by the same individual throughout the 
study for consistency. The homes were sampled on 
different days of the week and at different times of 
day throughout the study, when it was convenient 
for the householders, as consistent days and times 
were not practical. Air was sampled simultaneously 
at 2lmin-’ using the ‘Casella AFC124 Personal 
Sampler’ (Casella, Bedford, U.K. with GFlA filters, 
pore size 1.6pm, diameter 25 mm, Whatman). The 
sampler was attached to the individual who per- 
formed the vacuuming, with the sample head being 
clipped on the lapel in order to collect samples 
similar to those inhaled by that individual. The 
vacuum bags were weighed after vacuuming and the 
weight of the dust retrieved was recorded. All of 
the dust samples were then sieved (Endecotts Ltd, 
London, pore size 300pm) to remove large fibres, 
and an aliquot of 2 g was extracted for DerpI 
analysis. 
DUST AND AH’. Der PI ANALYSIS 
For antigen determination, dust samples and filters 
from the Casella Sampler were extracted in phos- 
phate buffered saline containing 0.5% Tween 20, and 
0.2% bovine serum albumin overnight (1 ml for air 
filters, 15 weight:volume for dust samples). Air filters 
were sonicated for 10 s at an amplitude of 22,~ 
(Soniprep 150), and all samples were filtered (Anotop 
10 plus, 0.2pm, Whatman) and analysed using 
an enzyme-linked immunosorbant assay system for 
DerpI, performed according to the manufacturer’s 
recommendations (ALK Laboratories, Denmark). 
The intra-assay coefficient of variation ranged from 
4.1% at high concentrations (> 17 ng ml- ‘) to 19.9% 
at low concentrations (‘3 ng ml - ‘) of DerpI. The 
inter-assay coefficient of variation ranged from 8.8% 
at high concentrations (> 17 ng ml - ‘) to 25.5% at 
low concentrations (~3 ng ml- ‘) of DerpI. The 
results were expressed as concentration of Der p1 g ~ ’ 
dust. In retrospect, a more relevant measure may 
have been DerpI concentrations m - 2 carpet or 
upholstery cleaned, a measurement we now feel is 
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important. However, at the time of this study, it was 
not a practice we had adopted and it would have 
been difficult to record accurately. 
STATISTICAL ANALYSIS 
The two-tailed Wilcoxon Signed Ranks Test (for 
matched pairs) was used to compare weights of dust, 
DerpI concentration in both the dust and air 
samples, and the total amount of DerpI (g) in the 
dust samples retrieved from the homes, after using 
each of the different vacuum cleaners in each indi- 
vidual phase of the study. Significance was achieved 
when P10.05 (CI 95%). 
The design of this pilot study did not permit us to 
perform a three-way analysis of variance to exclude 
any seasonal effects, or any possible alteration in the 
behaviour of the house occupants, with regard to 
cleaning habits during the study, due to there not 
being total randomization in the order of use of 
the six cleaners. Therefore, it was not statistically 
possible to compare results between cleaners in 
different phases of the study. Nevertheless, the 
very large differences measured in several of the 
parameters monitored allow some estimations to 
be made, regarding the comparative efficiency of 
the cleaners. 
Results 
WEIGHT OF DUST (G) (FIG. 1) 
There was no statistical difference between the 
prototype dust bag (I) and the recommended dust 
bag (II) (PzO.350) used in the conventional cleaner 
(Panasonic). The Vorwerk retrieved a significantly 
higher weight of dust than the Vax (P=O.O02). There 
was no statistical difference between the Nilfisk and 
the Bosch (PzO.734). The Vorwerk retrieved a 
greater weight of dust than any other cleaner from 
eight of the nine homes tested with all the cleaners, 
and the Vax retrieved least dust from five of the nine 
homes. This was observed even though the Vorwerk 
and the Vax were used after the Panasonic I/II, and 
before the Bosch/Nilfisk, suggesting that this was 
not due to a consistent change in levels with the 
successive use of the different machines. 
AIRBORNE Der pI CONCENTRATIONS (FIG. 2, TABLE 1) 
Airborne DerpI could be detected in all of the 
homes using the Panasonic, both with the prototype 
dust bags I and the recommended dust bags II, with 
no statistical difference (P=O.533). Airborne DerpI 
was undetectable in all the homes after vacuuming 
with both the Vax and Vorwerk cleaners. Two homes 
had detectable airborne concentrations of Derpl 
Vacuum cleaner 
Fig. I The range and median weight of dust (g) collected 
during a 15 min period of vacuuming throughout the house 
using six different vacuum cleaners. Panasonic I+11 (n= 11 
homes), Vax 2000Norwerk (n= 10 homes) and NihisW 
Bosch (n=9 homes). - median. 
Fig. 2 The range and median airborne DerpI concentra- 
tions (ng 15 min - I), using a Casella personal sampler, 
during a 15 min period of vacuuming throughout the house 
using six different vacuum cleaners. Panasonic I+11 (n= 11 
homes), Vax 2000Norwerk (n=lO homes) and Nilfisk/ 
Bosch (n= 9 homes). ~ median. 
after using the Nilfisk, and one after using the Bosch 
(PzO.750). Therefore, all the ‘titer cleaners’ were a 
great improvement on the conventional upright 
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Vacuum cleaner 
Fig. 3 The range and median of the total amount of DerpI 
@g) collected in the dust during a 15 min period of vacu- 
uming throughout the house using six different vacuum 
cleaners. Panasonic I + II (n = 11 homes), Vax 2000Norwerk 
(n= 10 homes) and Nilfisk/Bosch (n= 9 homes). ~ 
median. 
machines, with the Vax and the Vorwerk being most 
efficient. 
TOTAL Der ~1 IN DUST (,UG) (FIG. 3) 
From the weight of dust retrieved and the concen- 
tration of DerpI in that dust, the total amount of 
DerpI retrieved from the homes with each cleaner 
was calculated. The DerpI retrieved by dust bag I 
(prototype) compared with dust bag II (recom- 
mended), showed no statistical difference (P=O.206). 
There was also no significant difference between the 
Vax and the Vorwerk (P=O.919), or the Nilfisk and 
the Bosch (P=O+313). However, as for the total 
weight of dust, the Vorwerk retrieved higher concen- 
trations of DerpI than the conventional cleaners 
(used before the Vorwerk), and then the Bosch and 
the Nilfisk (used after the Vorwerk). 
Discussion 
A recent study investigated regular vacuuming of 
carpets, upholstered furniture in the living room and 
children’s mattresses with efficient new vacuum 
cleaners, on reducing the concentrations and total 
amount of mite allergens. The authors suggested that 
central, HEPA and micro-filter vacuum cleaners 
reduced mite allergen concentrations, and the total 
amount of mite allergen in house dust when used 
regularly for long periods. In this study, chemical 
treatment of the same areas with tannic acid ‘Allergy 
Control Solution’ only reduced these levels for a 
short period of time (5). Another study showed that 
the efficiency of the filter bag to retain dust, and a 
tight connection between the hose and bag were 
critical factors in reducing leakage from vacuum 
cleaners, and that additional filters played only a 
secondary role (6). We investigated one of these 
issues in stage (1) of the study by using an improved 
vacuum bag (with a pore size of 0.1 pm) in a conven- 
tional upright vacuum cleaner (Panasonic). We 
observed no significant decrease in airborne allergen 
concentrations, compared to the standard vacuum 
bag. This might suggest that the vacuum cleaner is 
poorly designed with leakage of dust from the hose 
connection, motor exhaust or from underneath 
around the brushes. Perhaps there was reduced leak- 
age through the improved bag, increasing suction 
resulting in higher dust retrieval. Overall, however, 
an improved vacuum bag in a standard upright 
vacuum cleaner provided little or no benefit. 
Stage (2) of the investigation aimed to determine 
whether by reducing the exhaust dust emission to a 
minimum (by using filter vacuum cleaners which 
claim to reduce leakage of dust from the cleaner and 
may be suitable for people allergic to HDM), there is 
any advantage of a cylinder cleaner which does not 
have a beat/sweep action over an upright cleaner in 
reducing airborne allergen. There has been some 
consumer research done on these vacuum cleaners by 
Which? magazine, May 1993, which rated the clean- 
ers according to their price and performance, includ- 
ing dust pick-up and dust emission. The cleaners that 
we evaluated performed well in the Which? tests and 
were, therefore, selected for our study. The dust 
emission, however, was defined, by the IEC standard 
(International Electrotechnical Commission), as the 
percentage of dust retained in a pre-loaded bag after 
being switched on for 2 min, which is not a true 
representation of domestic use. Our primary concern 
was to measure airborne concentrations of DerpI, 
the major HDM allergen, which we felt was the 
important indicator of allergen exposure for asthma 
sufferers (2). We found, somewhat surprisingly, that 
whilst neither the Vax nor the Vorwerk produced any 
detectable airborne DerpI during use, the upright 
Vorwerk collected significantly more dust than the 
cylinder Vax. 
Stage (3) of the study confirmed that the filter 
vacuum cleaners produced less airborne DerpI than 
the conventional upright cleaners, which was encour- 
aging. However, the finding in some of the homes 
284 J. M. Hegarty et al. 
that there was detectable airborne DerpI after using 
the Nilfisk and Bosch cleaners, which was not the 
case for Vax and Vorwerk, questioned their effi- 
ciency. This was possibly due to the disturbance of 
dust on the floor, and resuspension of dust from 
other surfaces during the vacuuming process. In the 
case of the Bosch vacuum cleaner, this would not be 
surprising due to the force of air expelled from the 
exhaust. 
The finding that the Vorwerk cleaner consistently 
retrieved a greater weight of dust from the homes 
than all of the other cleaners, and that the only home 
in which this was not the case, the greatest weight was 
retrieved by the conventional upright cleaner, sug- 
gested that the beat/sweep action was advantageous 
to dust collection. This is supported by the obser- 
vation that the Vax, Nilfisk and Bosch (cylinders), 
consistently retrieved the least dust from all the 
homes. It is possible that this is why they produced 
lower DerpI concentrations in the air than the con- 
ventional cleaner (less dust picked up, therefore, less 
airborne dust). The higher weight of dust retrieved 
by the upright cleaners with the beat/sweep action 
suggested that this is more efficient than just a 
powerful vacuum applied in the Vax, Nilfisk and 
Bosch cleaners. The Vorwerk is unique in having 
suction around the outside edge of the brushes, which 
facilitates the collection of more beaten dust. This is 
possibly the most important factor, since this study 
demonstrated that the improved filter bags tested 
here did not reduce airborne levels of allergen. 
Additionally, efficient iilter systems will only reduce 
dust from the exhaust of the machine and not 
that created by the movement of the cleaner. The 
Vorwerk is also lighter and more flexible than the 
cylinder cleaners, allowing access into awkward 
areas. There was also the indication that the dust 
retrieved using the Vorwerk cleaner contained higher 
concentrations of Der p1 allergen. 
Overall, this pilot study indicated that the use of an 
upright ‘filter cleaner’ with an action which collects 
most dust whilst preventing the production of air- 
borne DerpI was likely to be the most efficient in 
reducing domestic dust and DerpI concentrations. 
This study has encouraged us to set up a controlled 
clinical trial of the efficiency of the Vorwerk vs. a 
standard vacuum cleaner, as an adjunct to the 
treatment of asthmatic children with HDM 
allergy. 
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